Although rat-bite fever in J a p a n was recognized a long time ago b y M i y a k e and others as a definite entity, and its s y m p t o m a t o l o g y has been described'in detail, we know little of its pathological a n a t o m y . According to Ishiwara only two p o s t m o r t e m examinations have been reported, one b y Blake, and another b y Miura and Toriyama.
Our knowledge of the causative agent of rat-bite fever is of recent date. Futaki and his associates reported in their first communication the finding of a long spirochete, measuring 9 to I0/z in the lymph glands on the 10th or 13th day of illness, and on the 33rd day in tissue fluid obtained from the bitten area. Those found in the lymph exudate had small waves, those from sections of lymph glands, numerous steep waves. Later on they discovered in man, in the wound of the rat bite, and in the blood of mice which had received injections of patient's blood, shorter, thick spirochetes, 2 to 6 ~ long. These had regular, close, and steep waves, and a filament at each end. As these long and short spirochetes are morphologically distinct, and both have been demonstrated in ratbite fever, the question arose whether they are of the same species, or whether rat-bite fever may be caused by two different spirochetes.
The problem could not be solved at the time by Futaki and his coworkers. In the meantime, Ishiwara and his associates found in their investigations of experimental rat-bite fever spirochetes of the shorter variety, which were morphologically identical with the short variety of Futaki. Kitagawa and Mukoyama, as well as Midzukuchi, reported finding these spirochetes in experimental rat-bite fever.
We performed recently a p o s t m o r t e m examination on an individual who had rat-bite fever in typical form, and were in a position to m a k e definite anatomical studies. We found in the tissues certain spirochetes which will be described, and were able to confirm the work of Futaki and his associates, who were the first to designate these spirochetes as the cause of rat-bite fever. We have furthermore come to the conclusion that the long type of spirochetes found by them previously and the short variety discovered later in experimentally infected animals are not diverse in type, but belong to the same species of spirochete.
Spirochetes in the Tissues.
We examined the blood of a patient having rat-bite fever during the afebrile interval, guinea pigs inoculated with the patient's blood, as well as the swollen lymph glands, but found no spirochetes. Later Ido and other authors found in blood films taken at the height ot the disease, a number of the short type of spirochetes.
Distribution in the Organs.--We focused our attention particularly upon the suprarenals and the kidneys, in view of the fact that Iskiwara and his associates in their experiments on guinea pigs found the organisms mainly in the suprarenals, and also because Spiroch~ta icterohcemorrhagi¢~ is present in these organs in the convalescent stage of Well's disease. After repeated careful examinations, we discovered numerous organisms, particularly in the kidneys.
The spirochetes in the kidneys are located almost exclusively in the casts and cylindroids of the straight tubules, in the canals of Henle, and the intercalary portion of the boundary layer. They were never found free in the lumen and the interstitial spaces. In the suprarenals, we observed the organisms in the cortical cells. In addition, we found in the interstitial space of the testicle a specimen of the short spirochete. Other organs, i.e., the liver, lymph glands, spleen, lungs, intestines, stomach, bladder, prostate, heart, and brain, showed no spirochetes; nor could any be found in the skin of the bitten area, treated with Orth's fluid, and in the swollen lymph glands.
The total number of spirochetes found in the organs was somewhat over 100 in 30 preparations; most of these were contained in renal casts and cylindroids. In the suprarenals, we observed seven specimens in ten preparations, and in the testicle one in several preparations. Their distribution is very irregular; in the densest regions five to six specimens were found in one cast, and twenty-eight in a preparation.
Forms of the Spirochete.
As shown in Fig. 1 , the forms of the organism are various. The spirochete may be long or short, thick or thin, rigid or pliable, smooth or ragged. The waves may be regular or irregular, gradual or abrupt, many or few. The diversity of characteristics is so great as to lead to the belief that many kinds of spirochetes are present. They can, however, be classified according to size into long and short, with intermediary forms between the two groups.
The short spirochetes found by us are from 1.7 to 5.0/~ in length. As a rule, they have close and regular waves, from two to six steep waves to a specimen, are relatively thick, with smooth edges, and stain deeply when impregnated with silver. Occasionally one finds at one or both ends, fine thread-like extensions which stain somewhat less deeply. These regularly waved spirochetes are identical with the short spirochete of Ishiwara. But a large number of the short spirochetes are more rigid in form, have irregular waves, and are not smooth at the edges. These are atrophic abortive forms. The spirochetes found in blood films have regular waves.
The long type spirochete measures 6.0 to 10.0/~, and has numerous, small, steep, irregular waves. These specimens are not smooth and regularly formed, and appear rigid.
We examined the .mouse preparations (from the injection of patient's blood) sent us by Futaki, and are convinced that his short type of spirochete is identical with our own, with the exception that our specimens were somewhat thinner and more rigid, which may be due to the fact that our strain was taken from man. Futaki's long type, which we observed in great numbers in his preparations, is morphologically identical with ours.
In addition we made careful histological examinations of guinea pigs infected by Ido and his collaborators through rat bites. The spirochetes found in these animals are morphologically identical with our short spirochete.
DISCUSSION.
In Weil's disease, the distribution of Spirochaete icterohcemorrhagia~ varies with the different stages of illness. At the beginning the organ-isms circulate in the blood, while in the convalescent stage, following the complete development of immune bodies, they can be demonstrated only in the kidneys. A similar distribution seems to prevail in rat-bite fever. In the experimental animals, the spirochetes circulate in the peripheral blood. That identical conditions exist in the human body is proved by the fact that mice and guinea pigs can be infected by the inoculation of patient's blood. At the height of the disease, the short spirochete, though not numerous, has been observed microscopically in the blood. In our case we found the spirochetes located mainly in the kidneys, although at the height of illness they could be demonstrated also in the peripheral blood. The localization within the kidneys is undoubtedly the usual order in later stages of the disease. 1
Inada was the first to suggest the formation of antibodies in ratbite fever. He was followed by Ido and his associates of our clinic, who proved the truth of the assumption. Judging by analogy witb Weil's disease, we suggest that the irregular distribution of spirochetes in the kidneys may be attributable to the partial destruction that has taken place owing to the action of the antibodies.
The characteristics of our spirochetes--their irregularity and rigidity--may also be considered as the result of the action upon them of the immune bodies. We know that in spiroch~etosis icteroha.~morrhagica the organisms disappear in the course of the illness through the action of the spirochetolytic and spirochetiddal antibodies, leaving various irregular so called degenerated forms of spirochete. It is highly probable that this is also the case in ratbite fever in man. On the other hand, in the animal body, where no specific immune bodies are developed, the spirochetes exist in their typical forms as found by Futaki (short spirochete) and also by Ishiwara. In conformity with this, we have our finding of short spirochetes in the blood of patients at the height of the disease.
Finally we are confronted with the important problem as to whether the short and long spirochetes constitute two different species or one species of spirochete. Futaki seems to regard them as organisms different in type, and for that reason was not clear At the time of death the patient had passed the height of the disease.
1ZENJIlZ0 KANEKO AND KIKUZO OKUDA concerning the etiology of rat-bite fever. On the basis of histological investigations, we conclude that these two forms of spirochete belong to the same species, as one type grades into the other, morphologically speaking. Moreover, it does not seem probable in our case of rat-bite fever that spirochetes of different types simultaneously infected the same individual and localized in the renal casts.
The long spirochetes occur almost exclusively in human tissues and we may regard them as old or degenerated forms which have become irregular and stiffly bent. The short spirochetes, on the other hand, which have regular waves are the typical, young specimens. They can be found in the blood of patients having rat-bite fever, as well as in the experimental animals.
Futaki and his collaborators, 2 weeks prior to the appearance of our publication, on the basis of experiments made with pure cultures, arrived at a conclusion identical with our own.
Pathological Anatomy.
Case 1.--Z. I., male, age 70, locomotive engineer. Clinical diagnosis: rat-bite fever.
ttistory.--A month previously the patient while asleep was bitten by a rat, in the forefinger of the left hand. The wound bled. After 2 weeks the area became swollen and red; very sensitive. Incision was made. The following day the patient observed blotches, the size of a finger, in rows on the left forearm. These disappeared gradually, only four remaining. Similar spots appeared in the left cubital region and upper arm, and along the tendon of the forefinger. 20 days after the bite, the patient observed swelling of left axillary lymph glands, which became as large as a pigeon's egg, and were very painful. Temperature was not taken, but after the incision there was fever. A few days ago, slight chills, fever, headache, and loss of appetite, which have continued.
Admitted to clinic, Oct. Course.--Death from senile anorexia, 7 weeks after admission. Altogether eight fever attacks, each lasting 3 to 4 days, with afebrile intervals of 2 to 3 days. At onset of illness, typical fever; later, atypical, often remittent. Height of fever in an attack 38.5-39.5°C., once reaching 40.1°C. (Text-fig. 1 ).
Left axillary glands at first swollen to size of pigeon's egg, diminished gradually. Oct. 30, when excised, they were the size of a bean. Gland was flat and elastic, partly hyperemlc, grayish white. Spots on skin became gradually fainter; none found on Oct. 26. Gradual loss of weight. Died of inanition and marasmus, Dec. 6.
Autopsy.--9 hours later. Body poorly nourished. Rigor morris only in knee joints. Skin dry, dark brown. Scar on left forefinger. No edema or exanthemata. Peritoneum contained no abnormal fluid. Mesenteric lymph glands swollen, on section somewhat injected. Pericardium contained a tablespoonful of serous fluid, with fibrin fragments; inner surface of pericardium opaque. Heart in diastole, size of patient's fist, weight 265 gin. In left ventricle, no fluid or coagulated blood; in right ventricle, small mass of fatty coagulum. Pericardium somewhat opaque, endocardium without luster. Intima of root of aorta, marked arteriosclerotic spots; valves negative. Myocardium soft, yellowish brown. Spleen somewhat soft, small, 8.0 by 7.0 by 1.5 cm., 64 gm., capsule corrugated, trabecular. Lungs, marked anthracosis; hyperemic; scattered atelectatic loci. Glands of hilum somewhat swollen. Kidney, left, 1.2 by 5.0 by 3.0 cm., 116 gin., capsule adherent, surface not smooth, partly nodular and granulated, congested. Large cysts scattered on surface. On section hyperemic, cortex thin; columns of Bertin yellowish, granulated; mucous membrane of pelvis slightly hyperemic, somewhat enlarged. Parenchyma friable and cloudy. Right kidney, 11.0 by 4.5 by 2.5 cm., 98 gm., similar to left. Suprarenals hyperemic. Liver, 30.0 by 13.5 by 5.5 cm., 1,062 gm. Surface smooth, rib furrow on right lobe. Parenchyma on section yellowish, dull, but acini recognizable; congested, consistency tough. Gall bladder contained greenish mucous gall; mucosa negative. Stomach contained small quantity of mucus; mucosa hyperemic and opaque. The same may be said of mucosa of duodenum; papilla duodeni permeable. Pancreas, hyperemic. Intestines, mucosa opaque and hyperemic; follicles not swollen. Bladder contained small amount of turbid urine; marked hyperemia of mucosa. Prostate slate-colored, not hypertrophied. Cranium, subdurally, large mass of serous fluid; meninges soft, somewhat opaque and hyperemic; brain slightly hyperemic. Bone marrow of tibia negative. Kidney.--By low power, hyaline degeneration of glomeruli, interstitial proliferation, and casts, as well as cylindroid formation in the tubules. Cortex and medulla hyperemic here and there. Subcapsulary lobulation of cortex, consisting of scar tissue, containing degenerated hyaline glomeruli and the remains of kidney tubules; marked cellular infiltration. By high power, marked changes in kidney tubules, particularly of the convoluted tubules. Cells markedly enlarged, partly degenerated, nuclei remaining unstained and cells necrotic, staining faintly reddish violet. Some cells when stained with Sudan show small fat globules. In other places, marked desquamation and destruction of cells, with stained nuclei. Slighter changes in wall epithelium of lower sections of convoluted tubules, Henle's loops, and the intercalary portion; nuclei stain well; no necrosis, though sometimes marked destruction and desquamation of epithelium. Infiltration of fat globules more marked in lower sections of the tubules. The epithelium of convoluted tubules contains very small fat globules resembling lipoid substance, while in the epithelium, of straight tubules, infiltration of larger fat globules is common. 2 The renal casts and cylindroids are always hyaline, and rarely contain blood cells and desquamated epithelium. Numerous urinary casts particularly in the lower sections of the tubules, and in convoluted tubules, Henle's loops, intercalary portion, etc. Now and then in the enlarged tubules one finds a round, hyaline body composed of layers. The medullary canals also contain numerous casts. The glomeruli show total or partial hyaline degeneration, some being hyperemic. No abnormal fluid in Bowman's capsules. The interstitial spaces are markedly dilated, but without new connective tissue or cellular infiltration, generally edematous, and in part transformed into hyaline. The blood vessels show no marked changes. History.--70 days ago, while asleep, the patient was bitten in the upper lip by a rat. The wound bled, but healed in a few days. After a month, the skin of the bitten area became red, swollen, and very sensitive. Swelling and redness extended gradually to the angle of the mouth on the right side, and then to the submaxillary region. Since that time, patient had attacks of chills and fever, with headache and malaise. First attack lasted for a week, followed after an interval of 1 week by a second. Patient observed also about ten scattered spots, varying from the size of a finger point to a walnut, on the extremities and the chest. High fever with nausea, vomiting, loss of appetite, headache, etc. No microscopic examination. Case 3.--N. H., female. Examination of swollen axillary gland excised at beginning of illness showed marked hyperplasia of parenchyma cells. The follicular substance is particularly hyperplastic. In places, the hemorrhages in the follicles are marked, leaving small islands of cells between. No necrosis of the parenchyma. In the peripheral zone of the gland there is quite a dense accumulation of polynuclear leukocytes. Corresponding with the site of hemorrhage, the epithelium shows here and there desquamation and degeneration. Erythrophagocytosis is present, but not as plainly as in spirochmtosis icteroh~emorrhagica. In the medullary substance, scattered leukocytes are found.
Liver.--Cells
Case 4.--Skin preparation (old) from area bitten by rat. Corium and subcutaneous tissue markedly hyperemic, edematous, and infiltrated with polynuclear leukocytes. No abscess formation. Corium tissue shows hemorrhages and fibrin deposits. No changes in epidermis. Scattered necrotic cells in infiltration zone, but no extensive necrotic foci.
SUMMARY AND DISCUSSION.
Of the two postmortem examinations on rat-bite fever previously reported, the patient of Miura and Toriyama, a woman, aged 32 years, died on the 70th day after the onset of the disease." Anatomically there were no marked changes. Histological examinations were not made. Macroscopically, the following findings are reported: increase of cerebrospinal fluid, hyperemia of the meninges, inflammatory edema of the lungs, cloudy swelling of the liver, etc.
The other, Blake's case, was a woman of 67, who died 1 month after the bite of a rat. The anatomical findings were acute ulcerative endocarditis, subacute myocarditis, interstitial hepatitis, glomerular and interstitial nephritis. The suprarenals contained a large amount of perivascular fluid. There were infarcts in the spleen and kidney. In general, the organs were hyperemic; the lung showed hemorrhages and edema. Histologically, Blake found marked degeneration, necrosis, and infiltration in the cardiac muscles, infiltration of polynuclear cells, and increase in the interstices of the liver, also marked polynuclear infiltration of the shrunken kidney.
Blake was able to demonstrate Streptothrix muris ratti in the tissues, which he assigned as the cause of rat-bite fever. He viewed the degeneration and infiltration in the organs, together with the ulcerative endocarditis, as the result of the streptothrix infection.
Pathological Anatomy.
Our Case 1 was that of a man of 70, who died 80 days after the bite of a rat, and 2 months from the onset of illness. In contrast to Blake's case, there were no marked pathological changes, with the exception of the parenchymatous changes in the organs. The kidney changes are attributable in part to the condition of shrunken kidney, which had existed for some years previous to the infection. Other changes, such as the marked hyperemia, swelling, and degeneration of the tubular epithelium, must be regarded as caused by the rat-bite fever. In part, the formation of casts can likewise be so interpreted. The fiver shows marked changes, degeneration, necrosis, and destruction of liver cells, particularly in the acinus centers, with hyperemia and hemorrhages, the fatty degeneration of the liver cells being especially marked in the acinus centers. Parenchymatous changes of the liver and kidney were observed macroscopically in Case 2.
The hematopoietic organs, i.e., the spleen, lymph glands, and the bone marrow, show in general no abnormalities. The local lymph glands at the beginning of illness show marked hyperplasia of the parenchyma cells. In this, the part played by the follicular substance must be taken into consideration. The cellular hyperp]asia is simpler and of an inflammatory character. Although the hyperemia, hemorrhages, and the loosening of the follicles are distinct, there are no noteworthy regressive changes. There is a slight catarrhal condition of the sinus and erythrophagocytosJs, while in spiroch~etosis icterohmmorrhagica these manifestations are marked. In the course of the disease, the swelling of the local lymph gland subsides gradually, and the corresponding changes become less. Other lymph glands, such as the mesenteric, also show slight swelling, with hyperemia and catarrhal changes.
In addition we noted in our case catarrhal changes in the mucous membrane of the stomach, cystitis catarrhalis, congestion of the lungs, etc. The degeneration of the muscle and nerve cells, though slight, must he regarded as a phenomenon of this disease. The meninges were also hyperemic and edematous.
We have few comments to make on the exanthemata, as we lacked material for anatomical investigation. The site of the bite showed, as in the fourth case, cellular infiltration, edema, and degeneration (acute exudative inflammation). In the lungs, as already mentioned, we found signs of congestion, but the accompanying marked inflammatory changes must be regarded as the result of a mixed infection, because we found an accumulation of diplococci.
The changes observed by Miura and Toriyama agree with ours, but a great difference exists between Blake's case and ours. In his case there were marked infiltration of pus cells and regressive changes in the organs--even an ulcerative endocarditis. These differences cannot be explained on the basis of the duration of illness. Though the time of illness in our case was very long; it was marked up to the time of death by fever. In Blake's patient, we must attribute the marked changes, as emphasized also by the author, to streptothrix infection. If this streptothrix is the cause of rat-bite fever, the changes which have been described would be significant, but in view of our findings in Japan, and on the basis of the histological studies made by Ido, Ito, Wani, and Okuda, 3 there is doubt in our minds whether the streptothrix should be so regarded. It is possible that Blake's case was one of mixed infection.
In their experiments with rat-bite fever, Ishiwara and his associates found in addition to swelling of the bitten area and lymph glands, acute inflammatory changes in the kidney, and hyperemia and hemorrhages in the suprarenals. We examined the guinea pigs of Ido and his associates, which were infected by the bite of rats; and also observed swelling of the bitten area and of the regional lymph glands, with slight nephritis, hyperemia of the lungs, catarrh of the mucosa of the stomach, and slight parenchymatous degeneration in the organs. These changes on the whole resemble those of human cases.
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